Introduction
Carotid endarterectomy (CEA) remains a preferred medical procedure and, as a consequence, it is possible that progress can be made via minor invasive carotid surgery in order to reduce the resulting scar which is invariably visible. The results of the first minimally invasive CEA were initially published in 2005 [1] . The idea of skin-crease camouflage (transversal incision) has been known for more than 20 years and remains popular in some centres.
Furthermore, although the safety of this minimally invasive technique is widely acknowledged, the transverse skin-crease incision still remains a less popular choice [2, 3] . This is despite the fact that comparisons concerning the cosmetic effects between minimally invasive methods and the conventional longitudinal approach are readily available [2] [3] [4] [5] . However, in the past decade transversal, skincrease camouflaged solutions have been somewhat overlooked as this method is seen as more difficult [5] . This might be due to the fact that no randomized Cosmetic effects of skin-crease camouflage incision versus longitudinal incision following carotid endarterectomy control trials have been conducted to investigate its use. Moreover, using skin wrinkles as markers of carotid artery bifurcation and as a replacement for ultrasound mapping, as well as the camouflage of the skin incision, provides an interesting alternative in CEA [2, 5] . As a result, we conducted a small randomized prospective trial to compare the cosmetic results of conventional longitudinal and transversal (skin-crease, trans-wrinkle) attempts in CEA.
Aim
A comparison of the cosmetic effects between conventional and skin-crease camouflaged CEA during 1-year follow-up. To assess the range of distance between carotid artery bifurcation (CAB) and the skin-crease incision whilst attempting CEA.
Material and methods
Consecutive patients who qualified for CEA between 2013 and 2014 at the Department of Vascular Surgery at the Pomeranian Medical University in Szczecin, Poland, were initially considered (262 cases). A written consent form signed by the patient, developed from a simple preference question ("Am I concerned about the cosmetic effects of the operation? Yes or No), was taken prior to the randomization. Inclusion criteria were: internal carotid artery (ICA) stenosis > 50% for symptomatic cases, asymptomatic stenosis > 70% for male, and > 80% for female patients. Exclusion criteria: qualification for carotid angioplasty and stenting (CAS) due to high cardiac risk, poor functional status with a score < 60 on the Karnofsky/Lansky performance scale, the need for pharmacological optimization before surgery and the withdrawal of written consent [6] [7] [8] . The randomization was performed by allocation during the process of minimization (using sealed opaque envelopes) [9, 10] . The prognostic variables considered in the randomized group were gender, patients concerned about cosmetic effects, as well as surgery preferences (for and against transverse incision) to avoid preferential self selection. The surgeons were told the incision type that would be made on the day of surgery. However, in 7 cases, patients were moved to the other group on the decision of a surgeon. Nevertheless, 200 patients were successfully randomized to two groups (with no significant differences in prognostic variables allocation). See flow Figure 1 . The control group underwent the classic surgical CEA method with a skin incision along the anterior border of the sternocleidomastoid muscle, also known as an oblique or longitudinal incision. The study group underwent skincrease trans-wrinkle camouflaged incision, known as a transverse incision. All the patients received antiplatelet therapy (acetylsalicylic acid 75-100 mg) and a statin prior to, as well as after, surgery.
A cervical plexus blockade (deep and superficial) was performed by an anaesthetist in all cases, supported by local analgesia during surgery when necessary. In the study group, "access skin wrinkle" (ASW) was defined as a skin crease approximately 4 cm below the mandibular angle (with the patient's head in a sniffing position) and marked before analgesia (Photos 1 A, B). In the cases of absence of any visible wrinkle, a choice was made while bending the neck to reveal Langer's lines [11] . In the control group the typical incision running along the anterior border of the sternocleidomastoid muscle was used. Heparin was given intravenously (range: 30-50 mg) before clamping. Neuromonitoring was achieved by checking patient speech. The shunt technique (14%) was used if the level of consciousness was depressed during the 2-minute clamping test of the carotid artery [12, 13] . The surgical method of removing plaque depended on the preferences of the surgical team. In the study group, the distance between carotid artery bifurcation and the mandibular angle was measured before closing, using a thread extended from the mandibular angle down to the CAB (an appropriate thread length was then cut and measured after surgery with a ruler) and recorded in the files of each patient (Photo 1 C, D). Distance measurement was carried out on the most comfortable neck position (for the surgeon) and was chosen during surgery (Photo 1 A).
All patients received routine post-operative deep vein thrombosis prevention (the dose of low-molecular-weight heparin was dependent on body weight). Patients were discharged the second day after surgery on 75-100 mg acetylsalicylic acid. Complications, e.g. local neurological (neural palsy), stroke/ transient ischemic attack (TIA), acute coronary syndrome (ACS) and death, were logged and counted up to 30 days and 12 months after surgery. The POSAS scale was used to assess the cosmetic effect at the 2 nd and the 12 th month after surgery by an independent medical professional (a surgical nurse) in an outpatient clinic. The POSAS scale consists of two numeric scales: a Patient Scar Assessment Scale (carried out by the patient), and the Observer Scar Assessment Scale (filled out by an observer). The Patient scale contains six items (scar colour, pliability, thickness, relief, itching and pain), and the observer scale contains five items (scar vascularization, pigmentation, pliability, thickness and relief). All items within the two scales were scored numerically. The patient scale summarizes the scores of each of the six items (range: 6 to 60), whilst the observer scale summarizes each of the five items (range: 5 to 50).
The lowest scores, 6 and 5, respectively, reflect normal skin [14] (Appendix 1). A photographic example 2 months after surgery is shown in Photo 2.
The study was conducted in accordance with the Guidelines for Good Clinical Practice and the Helsinki Declaration, and was approved by the Ethics Committee ( Figure 1 . Flow of patients in groups 01/S/12). The trial was designed in accordance with the CONSORT statement [15] .
Statistical analysis
Commercial statistics software was used (Statistica; StatSoft, Inc. USA). Distribution was checked with the Shapiro-Wilk test. A comparison of quantitative variables was performed with t tests (Mann-Whitney U test, if not normally distributed). Qualitative variable comparisons were performed using Fisher's exact test. Differences were defined as significant if p < 0.05.
Results

Patients
The demographics and baseline characteristics of the study population are given in Table I . Table II . The mean distance between the access skin wrinkle and mandible ankle was 4.46 ±1.02 cm (range: 3-6 cm). The mean distance between the carotid artery bifurcation and the mandible angle was 4.14 ±1.07 cm (range: 2-7 cm). The mean number of visible skin wrinkles was 2.07 ±0.88 (range: 0-4). In 5 cases there were no visible skin wrinkles in the neutral neck position. However, after the patients bent their necks, they all showed a very clear location for future wrinkles (Langer's line).
Satisfaction and cosmetic effect
Although the patients operated on expressed concern about the risk of stroke, 30% of them nonetheless stated that cosmetic effects were of importance. The POSAS score at the 2 nd and 12 th month after surgery is presented in Table III .
The superiority of the trans-wrinkle technique versus a conventional vertical technique was evident in the POSAS score. Moreover, 90% of the patients in the study group found their scar to be invisible after 
Medical results
Results of the treatment were similar for both groups. The cumulative count of strokes and myocardial infarctions was 0.5% within 30 days, and 3.5% after 1 year (with 5.5% fatalities). Four patients died in follow-up (reason unknown) (Table IV) .
Discussion
Cosmetic effect
Although the cosmetic effect is less important than the clinical result (stroke protection), there is still nonetheless room for less invasive carotid surgery. The need for minor invasive surgery is based on the fact that the scar is visible on the neck after CEA. However, carotid artery stenting (CAS) leaves no scar on the neck and is used for both atherosclerotic stenosis and trauma dissection of internal carotid stenosis [16] . There is still a place for CEA, especially within the mini-invasive approach, due to the yet unproven superiority of CAS over CEA. This means that the shorter the scar, the better it is, and the easier it is to hide it under folds of skin or skin wrinkles. This is a well-established method used at a variety of sites on a regular basis. However, worldwide, such a technique is undoubtedly less popular even with the available results of comparisons between oblique and transversal incisions [1] [2] [3] [4] [5] 17] . Furthermore, minimally invasive CEA has been suggested to be technically more difficult [5, 18] . This is indeed the case if the surgeon operates through a 1-2 cm incision. For safety reasons the wound should be long enough to comfortably expose the carotid artery bifurcation. A transverse incision allows for easy access to the very highly located ICA bifurcation. Conversely, a lower location of ICA bifurcation might be more difficult in the case of just such an incision. Therefore, leading a reasonably long incision along the skin wrinkle appears to be the optimal choice in a transverse attempt. This method allows the skin creases to extend the incision (laterally) when necessary, without significant limitation, and the scar can be still hidden in the skin crease. Unfortunately, due to the fact that the comfort of the surgeon during surgery is of utmost importance, and to ensure patient safety, most vascular surgeons are not particularly interested in cosmetic considerations. This limits not only all currently available comparisons between the two methods, but additionally those of patient preference, which have not been mentioned. Nevertheless, our study is the first randomized prospective study to compare a classic longitudinal incision and a transverse skin crease skin incision in CEA focused on cosmetic effects, as well as patient satisfaction. The choice of the POSAS scale probably allowed for more objective results and the reduction of subjective influences. POSAS is recommended by plastic surgeons and was successfully used in CEA scar assessment [14, 19, 20] . Our results are similar to the data already reported in the literature [17] .
Location of the skin incision
Most surgeons (performing minimally invasive CEA) prefer to use ultrasound mapping of the bifurcation prior to the operation. This might be necessary if the intention is to use a very short skin incision [1, 2, 5] . The skin on the neck is very elastic, and therefore the risk of facing difficulties in case of a high CAB is quite low. However, it is worth noting which skin crease is the best choice in terms of CEA. Our results suggest that it is preferable for an incision to be located about 4 cm below the mandible angle
Clinical implications
Patient safety is of utmost importance; therefore surgeon preferences as regards technique when performing CEA is a basic condition and should not have an impact on scar appearance. However, the satisfaction of the patient is significantly higher if the scar is hidden in the skin crease, especially during the early postoperative period. Moreover, a gentle surgical technique is needed to avoid local nerve injury whilst performing the trans-wrinkle approach. Uncomfortable anatomy could limit the use of the trans-wrinkle approach in cases when a stronger retraction is necessary to expose the CAB. Therefore ultrasound mapping of the carotid artery bifurcation might be useful prior to surgery.
Conclusions
Trans-wrinkle incision offers improved cosmetic results, can be safely performed in most cases, and can provide a comfortable approach during CEA.
(with the patient's head in a sniffing position during surgery) (Table II) . In 80% of cases, carotid artery bifurcation was located within a 2 cm range from the access skin wrinkle. In 2005 Asher published identical results within a group of 260 patients [1] . Moreover, if access is not comfortable enough, one can extend the skin incision laterally (without limit) to easily expose the bifurcation and still hide the scar in a crease. Moreover, stronger wound retraction might cause a nerve injury in such cases.
Despite the fact that the safety of both methods was not the topic of this study, a count of strokes was nonetheless conducted along with that of myocardial infarcts and deaths at 1 month and a year after, for safety reasons. The total count of all those endpoints (11 cases at 12-month follow-up) was 5.5% in both groups, which is lower than that reported in the NASCET trial (9%) [6, 21] . There was a 0.5% risk of stroke peri-operatively, which is regarded as acceptable [6] . We do not know the reasons for the deaths (4 cases) in the follow-up period. Unfortunately, local nerve injury began to be a significant problem (Table IV) . However, having no influence on patient satisfaction, the count of persistent neural palsy was higher in the study group. Symptoms were mainly hoarseness as a result of damage to the superior laryngeal nerve (4 cases) and significant sensory loss and numbing due to injury to the greater auricular nerve (2 cases). Although neural palsy occurs in 4% to 45% of cases (usually about 25%), usually it is transient, in 80% of cases vanishing within 6 months [22] [23] [24] . Nevertheless, some of these nerve disorders have a long healing time, causing significant disability.
Limitations
The limitations of this study are related to a lack of fully objective tests that can compare satisfaction among patients regarding the techniques employed. Therefore, we chose the most popular POSAS scale (which takes into account not only patient/subjective opinion, but also professional/objective opinion). The second problem was surgeon preference (for/against surgical method) whilst completing the POSAS observer score and, with that in mind, an independent professional was involved in this study (a surgical nurse) to reduce this bias. Nevertheless, the most obvious limitation of this study was the impossibility of blinding the groups, since the scar position would always distinguish the study group from the control group.
